Brenneria populi subsp. brevivirga subsp. nov. isolated from symptomatic bark of Populus Â euramericana canker, and description of Brenneria populi subsp. populi subsp. nov. 
Populus Â euramericana canker, which was first observed in Shandong and Henan Provinces in 2006, is a serious disease that is becoming widespread in China [1] . The majority of incidences have been reported to occur in 4-to 5-yearold poplar trees. Tissues affected were observed to produce massive amounts of weeping exudates or white sour fluid oozing from vertical cracks on the main trunk [1] . Lonsdalea quercina subsp. populi, which was first described by Tóth et al. [2] , was proven to be the causal agent of Populus Â euramericana canker in China [1] . Recently, some novel bacterial species, such as Brenneria populi, Acinetobacter qingfengensis, Acinetobacter puyangensis, Lampropedia puyangensis and Leucobacter populi, were isolated from Populus Â euramericana canker in China [3] [4] [5] [6] .
Here, isolates were isolated from the symptomatic tissues of Populus Â euramericana canker. Two bacterial strains isolated from Populus Â euramericana canker were tentatively identified as belonging to a novel subspecies of the species Brenneria populi, family Pectobacteriaceae [7] , based on the results of 16S rRNA gene sequencing. Genotypic and phenotypic assays were also performed to investigate the taxonomic position and characteristics of these two potentially novel bacterial strains.
These two strains were isolated from symptomatic poplar tissue in Puyang City, Henan Province, using a standard dilution plating technique on nutrient agar (NA; Difco). Samples were sterilized in 4 % (v/v) NaClO solution for 3 min after sterilization with 70 % alcohol for 30 s, then rinsed with sterile water three times. After being cut into small pieces, poplar samples were pulverized in an aseptic mortar and then soaked in sterile water. The infected sample solutions were diluted with sterile water to a series of 1 : 10 -1 to 10 À4 and spread on NA. Single colonies were obtained after incubating at 30 C for 48 h. All strains, including these two potentially novel strains and reference strains, were cultured on tryptic soy agar (TSA; Difco) at 28 C. Genomic DNA for amplification and sequencing was extracted using an alkali extraction method [8] and preserved at À20
C. Primers 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1525R (5¢-AAGGAGGTGATCCAGCC-3¢) published by Lane [9] and Baker et al. [10] , respectively. Reference 16S rRNA gene sequences of the type strains of described species which belong to the genera Brenneria, Pectobacterium, Dickeya, Lonsdalea and Cronobacter were downloaded from GenBank. Multiple sequence alignments were performed using DNAMAN(lynnon corporation, version 6.0), and trimmed sequences were obtained. Maximum-likelihood trees were reconstructed with the 16S rRNA sequences using MEGA 5.1 [11] . The bootstrap method with 1000 replicates was performed while reconstructing the phylogenetic trees.
In the phylogenetic tree based on the maximum-likelihood method (Fig. 1) , the two novel strains formed a cluster with B. populi, supported by a 91 % bootstrap value. With Brenneria alni and B. nigrifluens, these four branches formed a clade, while Brenneria rubrifaciens, Brenneria salicis and B. goodwinii formed another clade on the border of genus Lonsdalea. B. roseae subsp. americana and B. roseae subsp. roseae formed a separate clade. The two novel isolates and the B. populi cluster were divided into two subgroups with 100 % bootstrap support and showed long branch lengths, indicating that these two subgroups could be classified as different taxa. Multilocus sequence analysis (MLSA) based on four housekeeping genes (gyrB, rpoB, infB and atpD) was performed on the two novel strains. PCR and sequencing were performed as described by Brady et al. [12] . Reference sequences of the type strains of species of the genera Brenneria, Pectobacterium, Dickeya, Lonsdalea and Cronobacter were downloaded from GenBank (Table S1 , available in the online Supplementary Material). Phylogenetic analyses based on four housekeeping genes were performed as described by Brady et al. [12] .
In the maximum-likelihood-based phylogenetic tree (Fig. 2) , the recognized species of the genus Brenneria together formed a clade next to the genus Pectobacterium. The two potentially novel strains and strains of the species B. populi formed a cluster close to B. nigrifluens, with a bootstrap value of 100 %. The two novel strains and strains of B. populi were also divided into two branches with 99 and 100 % bootstrap support respectively. The branch length was also similar to that of the two subspecies of Dickeya dadantii. The results indicate that the two novel strains and strains of the species B. populi belong to B. populi and that these two subgroups could be classified as different taxa.
Genomic DNA, for DNA G+C content determination and DNA-DNA hybridization, was extracted using the method described by Marmur [13] . The method described by Marmur and Doty [14] was used to determine the DNA G+C content of bacterial chromosomes. DNA-DNA hybridizations were performed using the microtitre plate method [15] with minor modifications [16] . The hybridization temperature was 45 C. Reciprocal reactions (AÂB and BÂA) were performed for each possible DNA pair.
The DNA G+C content of the two novel strains was 56.1-56.3 %, while it is 54.9-55.7 % in B. populi. The levels of DNA-DNA relatedness between the two novel isolates and the five strains of B. populi ranged from 72.1 to 78.2 %, indicating that they belong to the same species and should be classified into two different subspecies. A summary of these hybridization results is presented in Table S2 .
The cellular fatty acid composition analysis was performed for the two novel strains as well as for selected reference strains of species belonging to the genus Brenneria. Cells were cultured on TSA at 28 C for 24 h during the exponential growth phase. Fatty acid methyl esters were determined using the Microbial Identification System, Sherlock version 6.0 (MIDI) [17] . A gas chromatography/mass spectrometry machine (Trace DSQ; Thermo Scientific) was used to identify fatty acid peaks with the method described by Nichols et al. [18] . The major fatty acids of the novel strains were C 16 : 0 , C 16 : 1 !7c and C 18 : 1 !7c, which are similar to those of B. populi. The percentages of peak areas for the fatty acids are listed in Table 1. A Nikon HFX microscope was used to observe the morphology of the two novel strains, such as the colour, cell size and shape of the bacteria. Motility of the two novel strains was examined by observing cells developed on wet mounts using a phase-contrast microscope (TMS-F; Nikon). Growth temperatures, the tolerance to salinity and the acidity range of bacterial growth were also tested to determine the growth conditions of the two novel strains. Bacteria were inoculated in tryptic soy broth (TSB; Difco) and incubated at different temperatures (4, 10, 25, 30, 37, 41 and 44 C) as described by Li et al. [6] , pH values (pH 4-11, at intervals of 1 pH unit) and tolerance to NaCl [1-10 % (w/v), at intervals of 1 %]. pH values were adjusted as described by Gomori [19] using the following buffers: citric acid/sodium citrate (pH 4.0-5.5), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 / NaHCO 3 (pH 8.0-9.5) and Na 2 HPO 4 /NaOH (pH 10.0-11.0). Catalase activity of the two novel strains was detected by observing the bubble production of bacterial colonies in 3 % (v/v) hydrogen peroxide solution. Oxidase activity of the two novel strains was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Anaerobic growth in a 100 % CO 2 atmosphere and microaerophilicity (candle-jar method) [20] were examined after the two novel strains were incubated on TSA plates at 30 C for 1 week in anaerobic jars. API 20NE and 50CHB/E test kits (bioM erieux) were used to investigate physiological and biochemical characteristics of these two potentially novel strains and reference strains. Test kits were inoculated with bacterial suspensions and incubated for 24 h (API20E) or 48 h (API50CHB/E) at 37 C Table 1 . Saturated fatty acids The complete results of physiological and biochemical tests for the two novel strains and related species are listed in Table 2 . The two novel strains and the B. populi cluster were divided into two subgroups in both the 16S rRNA gene and MLSA phylogenies, indicated that the two subgroups should be classified into two different subspecies. And the two novel strains and strains of B. populi can be obviously separated into two groups by enterobacterial repetitive intergenic consensus (ERIC) PCR and random amplification of polymorphic DNA (RAPD), and also be differentiated from each other by RAPD (Fig. S1) . Moreover, the two novel strains can be differentiated from B. populi by several phenotypic tests, such as arginine dihydrolase, acid from amygdalin, turanose, D-xylose and dulcitol, and the utilization of gentiobiose. Detailed results of physiological and biochemical characteristics and utilization of carbon source are listed in Table 2 The emendation of the species description is based on the present study and the publication by Li et al. [6] . Cells are Gram-stain-negative, facultatively anaerobic, catalasepositive and oxidase-negative, motile, short rods. Cells are 0.6Â1.3-1.5 µm in size. Colonies are milk-white, circular with entire margins, smooth and approximately 1-1.2 mm in diameter after incubation for 2 days at 30 C on TSA plates. Growth occurs at 4 to 41 C, and the optimum growth temperature is 30 C. Growth is present at pH 4 to 10, and the optimum pH for growth is pH 6.5. Positive for the production of acetoin, but negative for the activities of lysine decarboxylase, ornithine decarboxylase, urease, bgalactosidase, tryptophan deaminase and gelatinase, and the production of indole and H 2 S. Citrate is not utilized. Nitrate is not reduced to nitrite. Positive for acid production from glycerol, L The type strain is D9-5 T (=CFCC 11963 T =KCTC 42088 T ), isolated from the symptomatic bark of Populus Â euramericana canker. Table 2 . Phenotypic characteristics that distinguish the novel isolates from recognized species of the genera Brenneria and Lonsdalea Taxa: 1, two novel strains 2; B. populi (n=5); 3, B. goodwinii (n=9); 4, B. alni (n=5); 5, B. nigrifluens (n=5); 6. Lonsdalea quercina (n=17). n, Number of strains. Data for 3, 4 and 5 were taken from Denman et al. [21] ; +, Positive; À, negative; d, 11-89 % strains positive, NA, not available. 
